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OEAFTBR I 

IHTHODUCTIOH 

9r«a!• being produced in lerge flraounte for tise in plaetioe^ 

feeds end fertilizers* Although It hes been used es e fertiliser for 

asagr y«ers, it hes not been until recent yeers that edequete supplies 

here been sTaileble for extensive use es e fertiliser* It urns the 

purpose of this investigetion to study soae of the feotors thet influ* 

enoe eveilebili^ of urea nitrogen to plants* The two main objee* 

ti-ves of this study vsrei (1) to determine the rate of urea bydrolyais 

and subsequent nitrifioation to nitrate nitrogen at sereral eentrolled 

soil tenperatures* and (2) to determine the yield and ohnieal oomposio* 

tion of ryegrass forage gromn under controlled eonditions with different 

rates of nitrognn fertilisation ffoa urea and anmoniua nitrate* 



OHAPTEH II 

WPfim OP LITBRATUHI 

VM dlBOOTared la 1790 by Roolc aa a ooapotmd ooourring in 

tba urina ot awmsCLs, aspaolally in that or the Tlesh eaters* Sine* thwi 

urea has been found in small i}ttantities in bloody musole tissuot saliTS 

and other flvtids of animals* Also» minute quantitiles have been found la 

the leaTos of spinaeh and oarrots and in seedlings of Tarious ether 

plants (17)* As expeeted* fresh farm manure oontains appreoiable quan» 

titles of urea* The deoorapositlon of this esmpound is mainly responsible 

for the odor of ammonia assooiated nith fresh manure piles* 

Pasteur (26) in 1860 mas the first to reeognise that tho trans 

formation of urea to ammonia is brought about by living organinas* It 

was later discovered that organisms oapable of hydrolyxing urea are found 

In most fanilios of baetoria* aotlnaaiyoetes and fungi (25)* However* it 

was eonsidex*ed by Sumner and Sonsrs (25) that the bactezda employ urease 

to produoe ammonia for their needs* Ureas#, an ensyne, was Isolated in 

crystalline form from Jeok bean meal in May 1926 by Sumner (26) end was 

tho first ensyme obtained in a piure oondition. Conrad (6) has repozded 

ttiat urease activity in the soil may vazy with the oropplzig systso^ azid 

the higher the organic matter oontent, the greater the ureaae-lilce aotlTH* 

ities* Cozzsequently, the surfaee soil is higher than the subsoil in 

these activities* 



Conrad and Adams (8) suggested that the hydrolysis of urea should 

bo oonsiderod eatalytie in nature instead of eompletoly niorobial* After 

sterilisation of soils wiih toluene it sns found that urea was l^rolysod 

almost as rapidly- as if the soils had not been treated vitili toluene (7)» 

the ra-te of urea hydrolysis was studied by Laidler and Hoard (15) 

in buffered solutions at -various pE relues and at different temperatures* 

It was reported that the maximsa rate of urea hydrolysis was at a pH of 

6*2 and a temperature of Gibson (11) repor-ted ̂ t strongly aeid 

peat smples of pR 3*1 to 8*3 hydrolysed urea rapidly at 20 to 23O0* 

Conrad (7) quoted Suben-bsohik as ezperimen-ting with too organisms -that 

were capable of decomposing urea below QOC* Conrad (7), also* reported 

that urea was hydrolyzed at 2(>*C but not at GO^C* 

The soBonia formed by urea hydrolysis beeosws the raw material 

for the process of nitrate formation (6)* Sines nitriileatiott is» by 

definition, the oxidation of aomonia to nitrate nitrogen (24), the speed 

of nitrifieation is partly dependent upon -the quantd-ty of awailable 

ammonia. 

Hitrifloation is dependent upon baoteria* There are two groups 

of these baoteria. One group, Hi-trosoiBonas or Hitroaoooeous, transforsis 

ssBBonia to nitrate ni-brogen and -the other group, niotrobaoter, oon-rsrtss 

the nitrite -to nitrate nitrogen (26). These reactions depend upon faTor-> 

able soil reaetion, aeration, amount of orgsnio matter, temperature, 

moisture, and oonoenta*ation of inorganic substanoes in the soil (10). 

Morgan (18) reported tluit 2.62 pounds of oaloium carbonate were 

required -to neutralise the soil reaetion produeed by eaeh pound of nitro* 
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£•11 adidad to tfa.e soil as uraaf ahereas« Pierra (20) raportad Idiat only 

thlrty»slx poiiads of aaloiun oarbonata par unit of nitrogan wara inquired* 

A numbar of studios of erop rasponsa to diffarant nitrogan far* 

tilisars hara boon eonduotad, and many of tbasa hara baan sunmarlsad by 

Andrava (!)• Oanarally thara hara bawi no groat diffaraneas in sources 

of nitrogan* 

Tbara vas little infomation published on the oeraposition of rye* 

grass groan at various tnaparaturas until 1949 ahan Siillivan aad Spragua 

(22) raportad tba results of a study dealing aith the affaots of t«apar* 

atura on Hub ohsiaioal eomposition of perennial ryagrass* The tempera* 

turas aara allowed to vary by lO^Pi the day tomparatures aara lO^F above 

the ni^t tamparaturas* Tbs light intansi^ at ahioh those plants grew 

after entering the growth ohaabers was 525 footoandlas* They found new 

top growth to be most rapid at 60 to 70<*F and least at 80 to 90®F« It 

was oonoludad that high toRq[>araturas adversely affeotad ryagrass by rapid 

dissipation of rasarva aarbohsfdratas* slowing down the production of now 

leaf growth aad in gmaral inhibiting reeovary from ollpplng* At the 

highest tsa^poraturas studied, the soluble nitrogan inoreasad in the tops 

aad stubble of the ryagrass and this inoreasa oontinuad for soaa tiae* 

Associated with this nitrogen inoraasa, was a deoreasa in oarbohydrataa* 

Forty days after olipping, the oarbohydrate supply was almost aihaustad* 

They reported that the ealeium oontant of the roots and stubble ware 

slightly higher at the highest tamparatura* 

Effaots of tmoparatura on growth of several other grasses have bean 

reported* Aooordlng to Earrison (15), growth of Kentuoky bluagrass was 



nor* zMftrly normail at tbfu at othar tamparaturaa atuiddad* At 8Q^ 

top growth waa rapid but bo now roots «»r« Initiated and sboote from 

rbisomee appeared above ground only under low nitrogen eondltioBe# The 

bluegpraas grew little at K^of and died after about aix weeka at that 

teffiparatura. Loworn (16) found that yields obtained by frequent euttiiaga 

were hij^ber at 8#®P than at 85®P for Dallisgra8a< oarpetgrasa* Berrauda-* 

graaa and Eentuelqr bluegraea* Brown (4) reported that the protein oo»> 

tent of Eentuoiy bluegress* Canada Bluegraaa and orohardgraaa was at a 

mlnianin at 60<>F*70^F and was greater at both lower and higher ten^ra* 

'Uunaa* Beraudagraas growth was grea'teat at lOOOp but l^o protoin eoB<» 

tent was at a lainiaura at tamporaturos beteeen SQOP to 900F. This la 

aoSMwhat higher than for the other grasaea studied* 



CHAPTER IIX 

HETBODS jam PROCBDCRBS 

Thr«« growth ohuBbora w»r» construetod for uso in this study and 

•ot at toiBporaturos of 10^« RO^C and 80O0« Thoso toi^raturos war* 

th*mo8tatieally oontrollsd and Baintain*d th* doslrod tnoperatur* within 

an aoouracy of6l^c. Tha internal volumo of oaoh ohaabor was 100 cu, ft. 
and a shelf to support 15 pots was suspended in the middle of eaoh cham 

ber. Twenty fluorescent lights, using cool white and red tubes at a ratio 

of 9tl were used as the light source. This gare light intensities on the 

ryegrass seedlings of 805, 1119 and 1222 footoazidles for the 10, 20 and 

30OC temperatures respeotirely. Similar relations bet—en temperature 

and light Intensity hare been reported by Went (27). 

Hermitage silt loam soil was used in all phases of this study. 

It is a highly productive soil and the samples used —re purposely se 

lected because of their 1— aBB&onie and nitrate nitrogen eoateat. The 

soil —8 kept moist at all times durissg transfer from the field to the 

growth oh—bors so as to maintain the native soil flora. 

A* I^drolysis and Nitrifioation. 

Samples of the soil —re treated with urea at the rate of 100 moA 

200 pounda of nitrogen per 2,000,000 pounde of eoil* Sub-aamploe, in 

cluding a no-treatment oheok, —re pre-—ighad, treneferred to flasks or 

beakers and plaeod in the t—poratura oontrolled ehasdvers. The soil wa« 

maintained at 15 to 20 per oont moistur* oontont throui^out this oxpori-
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Ouplloat* •vmples iror« analyxod at end of the first* seoond* 

third and fifth weeks for aniBoaia* nitrate and pH« titrate nitrogen was 

determined by the phenoidisulphonie aoid method as described hf daokson 

(14)• iomonia nitrogen was extraoted wi*^ sodioa ohloride and determined 

by idle distillation lae^iod desoribed by Pseeh sl» (19)« t7rea was de» 

tersdned by differmoe* The pH of tlie soil ims detemlaid using the 

Seobaan model "3" pH neimr* 

B« Ryegrass fbrage. 

Byegrass was groim under controlled conditions at different rates 

of nitrogen fertHisation* Forty-fire samples* containing idie equiralent 

of 248S grams of oren dry(110^) soil* were plaoed in gallon eans lined 

with plastio bags* and were seeded to annual ryegrass (Loliun nultiflorum) 

Ootober 19* 1958* These were plased in the gireezdiouse until the ryegrMs 

was about three inehes hi|^ Urea or aamoniiaa nitrate solutions were 

them added to ttese containers Borember 13* 19S6* at rates equiralent to 

50 and 100 powds of nitrogen per acre and these treated eontainers along 

with checks wore randomly distributed in the growth chambers* The same 

randooisation waa used in eaeh growth ehamber and ^ere were three repli* 

oatioiis of eaeh nitrogen treatment in eaoh growth ehmabor* 

Alternating periods of sixteen hours of li|^t and eight of dark-

nosa were maintained throu^out the oourae of*the e:i^eriment* The light 

pexdod was from 6 FM until 10 AH so as not to plaoe exsessiTe load on 

the cooling systems of the growth ohsnbers. A small heat source was 

turned on in eaoh growth ohsmber during the dark period* A ten inoh fan 

was in operation at all tiiMis to insure good air oiroulation and to keep 
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tlM growth ohcfld}«r froe front oold spot** 

Tho plants v«r* harrastod flf^»s«T«n days after the addition of 

the nitrogen* At tin* of harreet the plants groen at 20^ and SO^C were 

flowering* whereas those at 10^ were not* Fresh and owen dry (70OC) 

waists of the forage per oontainer were obtained* dried tiasae was 

ground on a Wiley mill* mixed thoroughly* and stoired in bottles for anal* 

ysis* The nitrogen content of the ryagrass tissue was detenained by the 

Churning KJeldahl method as desoribed by the Assooiation of Offioial Agri* 

eultural Chemists (2)* A modifieatlon of the wet ozLdation prooedure of 

Oieseking* Snider and Qsts (12) was used for ashing all samples* The 

potasaivDB* ealoium* and magnesium content of the tissue was determined 

by e Beokman "DO" flame speetrophotometer equipped with a photomtiltlplier 

attaohment* The moljpbdrans blue metiied as deseribed by Bray (8) was used 

to determine the phespborus oontent of the tissue on a Beobmsia "B* spee* 

trophotometer* 

Detailed procedures ar* found in the Appendix* pages 3^ through Ul* 



CHiUPTBfi IT 

RESULTS ABD DISCUSSlOH 

Urea ConTersion 

The results of urea hydrolysis to anBioxiia» its subsequent oonTer» 

sion to nitrate nitrogen and the soil roaotion assooiated slth this pro-

oess at IQOCc 20<>C anl 30*C tesqMraturo are presented in figure I and 

table Z« The aamonia and nitrate nitrogwa ralues are the aTorag^ of 

duplicate sample deterBdaatioas« The ralaes represent the differenoos 

botoeen a shook and treated sample. The amoxmt of urea ems deterainod 

by differenoo. 

Misiasm aasenia oonoentrations ooetirrod at the end of the first 

vook and deereassd rapidly thereafter at all temperatures eacoept at lO^G. 

At 3O°0, approximately 84 per eeat of the urea eas hydrolysed by the end 

of the first eeek. At 20^0* approximately 78 per sent of the 100«>pound 

per aero rate eas hydrolysed and 88 per eent of the 200<-pound per aore 

rate at the end of the first eeek* These figures represent close to 'ttie 

same number of pounds of nitrogen hydrolysed* At 1000* only 53 per sent 

of the 100-pound per aore rate and 28 per oent of the 200-pound per aero 

rate ears hydrolysed by the end of the first week* and about the same 

nwsber of pounds of urea nitrogen eas hydrolysed at eaoh rate* These 

data elearly indieate the influenoe of temperature upon the rate of urea 

l^rolysis* This is further eTLdenood by the faet that 84 per eevt of 

both rates of nitrogen were hydrolysed at SO°C by the end of the first 
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UREA AMMONIA NITRATE 

UREA APPLIED AT RATE OF 200 POUNDS OF N/A 
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WEEKS OF INCUBATION 

FIGURE I. — AMOUNT OF UREA, AMMONIA, AND NITRATE NITROGEN 
IN THE SOIL AT WEEKLY INTERVALS FOLLOWING APPLICAriONS OF 
UREA AND INCUBATION AT VARIOUS TEMPERATURES. 
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iHhioh repmaents m nide dlfferans* In pounda ot nitrogen bydro-

lyted per aore* 

At the 20^0 aM SC^C tenperaturea orer 85 per oent of the uree had 

been hydroXyzed by the end of the aeoond ireek* ]^srdroly8ia «t the 100* aad 

200*pottad rate at 10^0 eaa again aimllar by the end of the aeo«ad «eek 

with 61 per oent of ̂ le lOO-poond rate being l^rolyaed and 54 per cent 

of 200-pon&d rate being hydrolyzed* 'fhere waa a differeiwe of aewwa 

pounds of total nitrogen hydrolyzed at the end of the aeoond weeli^ ahidh 

indieatea that the asottat of urea preaent had little offset upon the rate 

of urea hydrolysis at 10®C, By the end of the third week, over 80 per 

sent of the urea had been Iqfdrolyxed at tShe 100-poiud per aare rate at 

10oC« At the 200-powid ret# 52 per oent of the uroa had hydrolysod 

tho ond of the third week and 72 per oent by the mod of the fifth week* 

Higher temperatures produeed an inereaae in the rate of hydrolyale in all 

oases* The effeet ef rate of iu*ea fertiliaation on tlM amount of urea 

hydrolyaed was smell at 10®0, intermediate at 20^ and was rather pro* 

nouneed at SO^O* 

The 30^ tM^erature at ̂ e 200-pound per asre rate of nitntgen 

hed the most rapid nitrifioation with 72 per oent, 90 per oent, end 100 

per oent being oonrerted to nitrate at the end of the first, aeoond end 

third weeks reapeotively* At the 100-pound per aore rate, 50 per cent, 

89 per oant, and 100 per oent of the nitrogen waa eonrerted at tho «ttd 

ef the first, aeoond md third weeks reapeeti-vely* 

At the 20®0 temperature, SO per oent, 86 per eent, and 90 per oent 

of the 200 pounds of nitrogen per aore rate had been oonrerted to nitrate 
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at the end of firet, seoond and third weeks respootlTely, and at the lOO-

pound per aere rate, 70 per ewat, 97 per e<mt and 100 per eent nitriflee* 

tlon had ooourred at the 4«d of the first, seoond and third weeln, re* 

speotively. 

The 10®0 teiaperature had the sloeeat rate of nitrifloation and the 

amount nitulfied Taried little with the rate of fertilization. Ihere were 

29 pounds of nitrate nitrogen present at the 100-pound per aore rate as 

eompared vith 28 poui^ at the 200-pound per aore rate by the end of the 

first week, the end of the seoond week, the 100-pound per sere rate 

had 65 wpd the 200-pouad per aore rate had 53 pounds of nitrate nitarogen 

aoouaulation# The same situation existed at the end of the third week 

with approximately 86 pounds of nitrate nitrogen aocumulated for both 

rates ef fertilisatioa. Hltrifioation was oomplete at the and of the 

fifth week fer the 100-pound per eere rate, but there remained approxi 

mately 35 per cent of the nitrogen te be oonverted to nitrate at the 200 

pounda of nitrogen per aore rat» at the lO^'C timperature. 

These data ahow that there was gsnerally an inoreass in 'tihe rate 

of urea hydrolysis and sttbsequeat nltrifioation with inoreass in tm^rw-

ture. The higher rate of fertilization increased the arerage mnount ef 

hydrolysis and nitrification at all tsmperatures sxoept at ths IQOC. The 

10*HJ twaperature had rery nearly a oonstant rate of nltrifioation, about 

25 pounds per week, at both rates of fortillsetion. This constant rats 

of nitrifloation eould possibly be related to the rate of supply of samw-

ziia at -&at temperature. 

The soil pH wee 5.8 at the beginniag of the expeidaeat and ohanged 

little during the oourae of this eaperiMeat^ 



II 

1ASUS 1 

SOIL^AT 1IEMLT INTSR7ALS FOLLOfTINa APPLICATION OF OBSA 
AND INCUBATION AT VAfilOUS TBKPERATORES 

Mitrofs&n Soil nCSETof izievd»ation 
lairml T«mp« 0 1 2 8 B 

200 lbs. lOOO 6.8 6.8 6.3 6.7 6.6 

2000 8.8 6.8 6.8 6.7 6.8NitrogcV^* 
3000 6.8 6.8 6.6 6.7 6.8 

100 lbs. IQOC 6.8 6.7 6.7 6.7 6.6 

Ki-toog«x/A* 20O0 6.8 6.8 6.6 6.7 6.8 

30O0 6.8 6.8 6.6 6.7 6.S 

0 lbs* IQOo 6.8 6.6 6.7 6.8 6.6 

Nitrog«VA« 20O0 6.8 6.8 6.8 6.8 6.8 

SOOO 6.8 6.9 6.8 6,8 6.8 
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Tl«ld of ̂ yogrwo Forago 

Forago yield data are aunsnarlsed la table H* All data presented 

in tbe following tables were subjected to analysis by statistioal pro* 

eedures as outlined by Coobran and Cox (6) or Snedeoor (21)« Conplete 

data and analyses are found in the Appendix* 

Byegrass yields at tbe 20^0 temperature eere slgnifieantly hi^er 

tban those at looc or 30®C* and iSie yield obtained at SCKM eaa greater 

than at the differenee again being hi^ly signlfioant* Ibeae re* 

suits are in agreement with those reported by Sullivan and Sprague (22)* 

They suggested that a possible explanation of the higher yield at 20^ 

than at 300C is that the oarbohydrates are used almost as rapidly as they 

are produeed* The soil eonrersion studies indicate that the supply of 

nitrate nitrogen would net be limiting et SO^C* 

A comparison of the yield of tho untreated pots with tiie nitrogen 

treated pots show a highly signlfloant response to nitrogen* 

Vhen comparing tha rates of nitrogen^yield at the 100*pound 

par aore rata was greater than at the 80-pound per sore rate* the dif-

feresooe being hi|^y aignifioant* The graateat yield response of rye-

grass forage to nitrogen ooourrad at 20^* iho inoroasa et this temperaf-

ture being almost twice that obtained at SO<>C. The least response to 

nitrog«a ooeurred at IQOC* 
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TABLE II 

YIELD OF OVEN DRY RYBORASS FORAOS IN 0RAJ6 FES POT GROirN AT THRBI 
TEMFSRATORES WITH THREE RATES AND TWO SOURCES OF NITROGEN 

Qraaaa For Pet 
Pouada Taaparature Nltroean 
N/Aor» Souroa lO^C 80*^0 Avg. Rata ATg« 

0 £«69j/ 4.16 3«8S S.41 8,41 

50 Uraa S«01 6.18 3.87 4.02 4.04 
AfflBonium strata 8.39 4.99 3.81 4.06 

100 Uraa 8.76 8.79 4.47 4.67 4.68 
Aanaalvn Nltrata 8.26 6.09 4.12 4.49 

Average 3.22 5.24 3.98 

L.S.D. (.05) between temperature maana ••*•••.••«« 0.88 graaui 
L.S.D. (.01) between temperature aeana 0.51 grm&a 
L.S.D. (.05) between rate maana 0.81 grama 
L.S.D. (.01) between rate moana ••«*•••*•<••«> •.* 0.42 grama 

C.V. for entire experiment 9.92^ 
C.V. axoluding ohaoka 10.54^ 

■/pigurea repraaant an average of tiiraa replioatiana. 
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Chendoal Conpositioa of iih» Kyogrooo Ibrago 

Data proaontod are axpx-essod as per oont oesiposltioii of ovon dry 

(70O0) forago on a volght basis and represent tiio mean of three replioatlone* 

Summaries of nitrogen* potassium* oaleivoa* magnesium and phosphorus 

etNapositlon of the plants are presented in tables III tiurough VII* respee-

tlTsly. 

At lOOQ and 50<>C there was a signifioantly greater per eent of 

nitrogen in the forago than at This is possibly beeause of ̂ le hi|^ 

er yield and greater growth at 200C« No signifioant differenoe in the per 

oent nitrogen in the forage produeed at lOOQ and SO^C was obtained* 

At 20^ and 30<*0 there was a greater pereent of potassium and mag 

nesium in the forage than at 10**0* the differenoe being signifioant at the 

0*05 lerel* This indioates that the low temperature retarded the uptake 

of these too nutrients* There was no signifioant differexioe beteeen the 

means of these nutrients at 20^ and 80*C* 

Ihsn oomparing phosphorus in the forage* at different temperatures* 

the per oent phosphorus at 20^0 was greater than at 50^ and the per oent 

phosphorus at SO^C was greater tiian at lO^C* The differenoe* in both 

oases* was signifioant at the 0*01 level* It it therefore evidwnt that 

the phosphorus oontont of tfao plant and tho yield are diroetly related* 

Although tho per cent ealoiun in tho forage increased greatly 

with an increase in temperature and rates of nitrogen, no signifioant dif-

ferwsee in the per oent oalolum at any of the thrae temperatures was ob 

served* This was perhaps due to a signifioant intoraoti-on between 

perature and rates of nitrogen* 
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jT*-*' 

TABLE III 

FBI^EIIT OF HITROOBE TS OVEH BRY RYSOBASS FORAGE GRORK WZIB DIFmSST 

NITROGEE RRTZLIZATIOR AT THREE TSMFBEATBRBS 

Perpgat 
Pounds l^pmppratm^ ^tirogPB 
H/Aore Souree lO^O 20"b ^**<3 Arg, Rate ATg» 

0 1.6S^ 1.27 1.81 1.S9 1.59 

aO Rraa 2.43 1.62 2.43 2.16 B.17 
AMoniun ntrate 2.09 1.75 2.77 2.18 

loo Vfm 2.60 2.04 2.63 2.39 2.^39 
Amm«1«b EltratP 2.35 1.96 2.64 2.31 

A'raraga 2.20 1.73 2.46 
Hltrogan troatad aTeraga 2.32 1.84 2.62 

L.S.D. (.OS) bptiraaa taaq^ratura maas••••••«*••<•••.0.2(^ 
L.S.D. (.01) bPtwaan tao^ratura means - 0.22^ 

C.V. tor antlrs sxperimsat••••••••••••*•••••6.^ 
C.V. aacsluding obspks 6.7JC 

JS^Flgurss rapresmit an ararage of tluraa rapliaatioas. 
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TABLE IV 

FUSIBT OF POTASSIUM IN OVEN DRT RTBGRASS FORAOB OSONN WITH 
DIPFB8SHT NITROGEN FERTILIZATION AT THREE TEMPERATURES 

PersMix 
Pounds Ten^rftturc ' ' ]l!fltrog»a 
N/Aerx Sonrgx 26^0 3^5^ krg* Rats Ate* 

0 Z,6ZS/ 2.d8 2.97 2.84 2.84 

SO Ursa 2.5S 3.1S 5.28 3.00 8.08 
Aanonitim Nitrata 8.08 3.82 8.18 8.17 

100 Uraa 2.72 3.27 2.97 2.99 3.12 
Annoziiiaa XLtrata 8.02 3.50 3.22 3.25 

Avaraga 2.78 3.24 8.12 

L.3.D. (.06) batwaan taBq>aratara aaaaa «•*••••»«•<).0.84^ 

G.V. for «xtlra azparimant ••••«•••••*••••••8.22^ 
C.V. asoBluding ahaaka 6.4ljC 

JlS^Flguras reprasent an araraga of lixraa raplloatlona. 
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TSiSm T 

FEHCBnre OF CALCIUM XH OTSH DRY RYKJRASS FOIAfflS OHOWH WITH 
DIFFSREIfT RITROOER FERTILIZATIOir AT THSSE TEMFCBATURBS 

Paraant 

Pounds Tomparatura Hitrogan 
H/Aore 8ouro« io»c 20od ATg* Rate Ate, 

0 0^4SS/ 0,63 0.78 0,89 0,89 

80 Uroa 0#68 0,68 0,92 0,78 0,73 
iteonium Hitrato 0#S3 0,88 0,98 0,70 

100 Drea 0,80 0,78 1.10 0.77 0,38 

AaBBoniua Kltrate 0,88 0*80 1,8S 0*86 

AToraga 0,53 0,68 1*01 
titroeon troatod avorc 0,70 1,06 

CUV# for ontiro ascpariBUiat 10*19^ 
G#V# asniludinc oha^•- 6#4X^ 

J^^Figuras roprascmis aa rnvrtLe^ of "tiuraa raplioations# 
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tablb n 

immST OF MAOHESIDM IH OVEN DST RIEGRASS FORAGE GRONN JUTS 
DIFPERBNT NITROGEN FERTILIZATION AT THREE TEMPERATURES 

ir8< 

Pounds Tssmeraturo SLtrogon' 
N/Aoro gouron io»c "35^ ate» Roto Avg« 

0 o,Zie/ O.SO 0.61 0,46 0,46 

60 Uroo 0.27 0,S8 0.66 0,48 0,40 
AasmnliaB Nitroto 0,80 0,43 0,78 0,40 

100 Uroo 0,28 0,58 0.71 0,51 0,88 
Aanonius lM.troto 0,28 0,67 0,78 0,58 

Avorogo 0,28 0,84 0,70 
Nltrogoa trootoi oTsroge 0,28 0,84 0,72 

L,SJ},(,06) botooon tmporoturo moans 0,24$( 

C,T, for ontiro os^rlmont 5,58^ 
0,7. oxoludlng ohooks 4,9!^ 

i/piguros ropresont aa ararags of throo roplloatlons. 
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TAILS VII 

JK»31f8T OF PHOSPBOKJS IS OVBH ORY BYEORASS FORAGB OBOira WITH 
DIFFEREBT NITSOOIH F^JTILIZATIOH AT THESE TEKFERATtnaSS 

PgroWtfe' 
Focmids 
H/Acre Sourca 

i«ttperfttur'e
lOOQ ^0 io^ Ayr. 

SiirogTO
Rata Avg» 

0 Oa4&^ O.RS 0.1^ 0.20 0.29 

go Urea O.U 0.20 0,1S O.lg 0*16 
Aamotdm litrata 0.12 0.24 0.16 0.17 

100 Urea 0.14 0.18 0.16 0.16 0.16 
AoBOoium Ritratia 0.12 0.18 O.IS 0.16 

AvaFa^a 0.13 0.21 0.16 
Hitarogan traatad aTeraga 0.12 0.20 0.16 

L.S.D* (.05) bataaan tamperatura Btaona ••.►»•••••«».• O.OS^ 
L.S.D. (.01) bataaaa tamparatura meaaa 0.03^ 

e.T* for antira aaparlaant *•••••••.«.- 5.78^ 
C.Y. ascoludiog obaeka 8.10^ 

A^Flguraa raprasant an aaaraga of l^raa raplleationa* 
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A offinparlson of tho aoaiu of unfortllisod pots with zdtre* 

goa treated pots shoood that a highly sigoifioant inoroaso in the per 

oent nitrogen* ealoium and phos|dioru8 oontent of Ihe forage was obtcdned 

fron tlM first fifty pounds of nitrogen* 'So further sigoifioant inorease 

in these eleraents was obtained from additional nitrogen* There vas an 

inorease in magneslura per oent in the forage due to nitrogen fertilisationj 

this inorease being significant at the 0*05 level* The per oent potassiua 

Inereased in the forage due to nitrogen treatment but the inorease -was net 

signifioant* 

lo sigoifioant differenoe In the per oent nitrogen* potassiTim* 

oaloiisa* magnesium or phosphorus content of the forage eould be attrib* 

uted to souroes of nitrogen* 

The yields of nitrogen* potassiisB* oaloium* magnesium and phos 

phorus in the ryegrass forage are presented in tables VIII throu^ XIX 

respeotively* These values mere obtained by multiplying -ttie forage yield 

hy the per oent oomposition of these nutrients and represent a mean of 

three replications* 

The average yield of nitrogen at the 20*^ and 30^0 toperatures 

iras greater than the yield of niti*ogen at the 10<*C* the differenoe being 

signifioant at IdM *01 level* There was no signifioant differenoe in 

the yield of nitrogen beteeea tdie 20^ mad SO<^C tmnperatures* 

Ifhen oompaxing the mean yields of potassiua in tho forage at dif 

ferent tomporatures* tho yield of potassium at 20O0 was greater than 

that at lOOC and SQOC, and tho yield of potaeslun at 50®0 was greater than 

that at lO^C* nio differenoe in both oases being signifioant at the 0*06 

level* 
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Tlui MgiMiaiwi raoMTad ia tb« plant tissua was gra&tar at 

and SO^ tanporaturas than at IC^, thia diffareaea baiag aignifieant at 

tha 0*05 la^al* Tha avaraga ylaXd of magaaalum at ZQOQ and 30^0 aaa not 

aignifLoantly differaat* 

Coi^arlaoa of tiM awn yield of phoaphorus at diffarant tanpara-

toraa ahova a graatar yiald of phoaphorus at 20^0 -tiun at 10<^ or SO'*C 

and that tha yiald of phoaidiorua at the 30<K! aaa greater than at 10^« 

The diffaranaa in both eaaoa haing aignifloant at tha 0.01 leral* 

Ho aigalfioant diffaranaa in tha yiald of oaloium duo to taapora* 

turo was datoeted* 

Oaatpariaons of the noan yialda of nitrogen, petaaaiiai, ealoiua and 

Kagnaaium of iho uatroatod pots aith tha araraga yield of the nitrogea 

treated pota ahovs a highly signifioant inoreaao in yiald of those nu)» 

iarianta duo ta nitragaa fartillzation« Thara was no aignlflomt laoraaao 

in tha yiald of phoai^rus dua to the applioation of nitrogezu Thia la 

in agraamoat aith rastilta raportad by Doohy^jd* (9)* 

Ocmsidarably more nitrogen ama roraoaad in the forage afaan tha 

planta aara fartllizad aith 100 pounds of nitrogen per aore than aith 

SO pomida of nitrogws per aero* Thia ineroaaa aaa signifioant at tha 

0«01 laral* Thara aaa no real diffaronao in tha yield of potasaiua« 

oaloiuo, awgnasiua or phosphorus dua to the rate of nitrogen applied. 

•e aignifloant diffaranaa dua to aouroes of nitrogen in the yield 

of nitrogen, potaasivBs, osIoIvbr, magnosiun or ̂ oaphorua aaa found* 

The results of those imrastigations indicate that uraa and 

nian nitrate perform equally aall as a nitrogen souroo for ry^asa. 
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The rate of urea hydrolysle and euhaeque&t uitrifieatlon is influeneed 

hy soil temperature* Of the tmnperatures studied, the fastest rates of 

hydrolysis and nitrifieatioa ooourred at 30OC» This eorrespoads 

the findings of Laidler and Hoard (16) and F^rederiek (10)* At lO^C, tite 

rate of urea liydrolysls is relatiirely slew* This oould lead to leaohing 

losses of area nitrogen ̂ ;>plied to the soil at this tMsperature. Oaoe 

the una had hydrolysed, it eould be expeeted to behaTo as any SBmonia 

souree of nitrogen* 

Soil temperature had a greater effeot on the yield of ryegrass 

forage than did -^e rate of nitrogen fertilization* The hi^est yield 

of ryegrass forage vas obtained at 20^0 but the per eent of nitrogen in 

the ryegrass was lower at 20<*C than at 10 and SO^'C* This is similar to 

results reported by Brown (4)« However, Ihe hi^r yield of forage at 

20^0 brought the plant removal of nita^gen at this tmperatuM above 

that at 10^ and almost equal to "^at at SO^C* This would indioate that 

at 10^0 the ryegrass absorbed the nitrogen rapidly, however, the plants 

were unable to assimilate it as fast as it was absorbed* The relatively 

high nitrogen content of the forage at SO<^C was probably due to photo* 

synthesis not being able to keep paoe with respiration, thereby oresting 

a oarbohydrate defioienoy (22}« 

The influence of soil temperature and rate of nitrogen fertilise* 

tion on oaleium oontent of the forage was quite marked and a sigxiifioant 

interaotion betwewi these two faotors was observed* The per oent of oal* 

oium and the yield of oaleium increased with inoresses in both tesqporature 

and rats of nitrogen fertilization* A aimilar relationship was found for 



magii9«lua* 

TiM phosphata and potaaaim eentsnt of i3m forage vas dlrootXy ro* 

latod to forago yield. The highest content of these nutrients was found 

at tho hli^ot forage yield IotoI and Ifee loweat eoatont at the lowaat 

forage yield* The per eent potaaaiua inoreaaed with ratea of nitrogen 

fertiliKatlon but the per eent ̂ oaphonu deoreaeed with ratea of nitro« 

gen fertilisation* Thia ia generally the oaae when potaaaitafr-nitrogen 

end phoaphorus«nitrogon are uaod in ooiabinationa* 
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TABLE VIII 

lOLLIGHAMS OF BITBOOEE PER POT RUfOVED BI KIEORiUSS FORAGE GROIII WITH 
DIFFEREHT HITROGER FBRTILIZATIOR AT THREE fffifPrnTORES 

Miiliiigrw 
Poundii ^imperatur* Hltrogm 
H/Aey Bouroa "iW itb^O ZC^d' ATg« Rate Arg* 

0 4S.4!y^ 68.1 6I,1 83.2 88.2 

50 Hrea 73.0 86.8 98*8 88,9 85.4 
iBmoaiuaa Hltrate 68*2 87*2 105«8 86«9 

100 Grea 93.9 117.8 116.9 109.8 105.8 
Aaaonium Hitrate 75.6 119.4 109.4 lQl.5 

Average 71.2 92.6 97.2 

L.S.O. (.08) beteeen tenperaturee *11.12 mg. 
L.S.D. (.01) beteeen teoperaturee *•••••••--*-* 16.14 mg. 
L.S.D. (*05) between rates 9.62 mg. 
L.S.D. (.01) between rates •*•••••••*••»•••••• 13.11 mg. 

O.V. for entire eaqterlsMnit 13.47|^ 
C.V. excluding oheoks 18.7^ 

jj^Flgures represent an average of iliree replioations* 
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TABLE IX 

KILLiaRAMS OF POTASSIUM PER POT REMOVED BT RTEORASS FORAGE QWinS 
WITH DIPFEREST HITHOOEN FERTILIZATION AT THREE TE?.,!PERATIJRBS 

Milllgrama 
Pound® Tamporature iiltrogw' 
y/Aere Souroa 10"0 &0°0 30°0 Avg» Rato Avg» 

0 69 9!/ 121,8 100.0 97.2 97.2 

80 Uraa 96.4 164.2 126.6 129.0 129.4 
Aanonlum Rltrata 102.9 166.7 120.7 129.8 

100 Ur«a 106.4 189.4 132.S 142.7 144.9 
Aamonlm Nitrate 97.4 213.1 131.0 147.1 

ATerage 94.6 170.8 122.1 
Nitrogen treated average 100.7 185.1 127.6 

L.S.D. (.06) betireen taraperaturea 4.39 ag. 

C.V. for entire esperiaMmt - 8.88^ 
C.V. exoluding oheok® 9.20j( 

3^Figure® represent en ererage of three replioatione. 
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TABLB Z 

mLLiaSAMB OF CAIiCIOM PER POT REMOVED BY RYBORASS PORAOE QROmi 
WITH DIPFBRBHT NITROOEH FERTILIZATION AT THREE TEMFERATURES 

kiiiigr.BSS 
Pounde Temperature Nitrogen 
R/Aoro Seureo looe 2000 30OC ATg. Rate ATg. 

0 12,2s/ 22,8 26.4 20.3 20.3 

60 ihroii 16*8 34.8 36.1 28.9 28.6 

AMKmium Hitrato 18*8 28.1 87.6 28.3 

100 Urea 18*8 42.1 49.2 36.6 37.8 

Aanoniun Nitrate 16.8 48.8 61.6 39.1 

ATorogo 18*5 35.4 40.0 

Ritrogon treated arerage 17,6 38.7 48.4 

C»T, for ontlro •xporiraoont 18*74^ 
0»T« osraludixig ohooks ••••••••••••••••••• 19*20% 

•/piguroi roproaont mi vrormgo of throe replioatlons^ 

t V *5. -V 
" 'I- ^ i -''4 ; . 

* .* i ^ » •-5'^ ■*' • * {f i " 
'•! ^ iU- ? . t- ' X . u . . t 

"■■■■ '4^ J/ 
V " 
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TAILS XI 

XZLLiaiAMS or KASIIESIOU PER POT RS3iOrSD BY RTSORASS IORA0E OROmr 
WITH DIPIBRBHT HITROOBir FERTILIZATIOH AT THRBB TEMPrnTHRES 

Pound* T<aaperatur« Hltrog^n 
y/Aor* Senre* 10^ 20oc s5^ Ayg» R*t* Avg«
OTlWnWWW^Mi' WMMWMMMWaMMMMMaMMMMMMHaMRK OIIOMSIIHIIMHMV MHMMMMI* ■»««•■■■«» IMHvaMMMMMMMiflHM 

0 20*7 20.4 16.2 16.2 

SO Wr«a 8.2 27.7 26.2 20.4 20.8 
AtOBOniUBi Iltrate 10.1 21.7 81.9 21.2 

100 Wraa 10.8 S1.9 27.8 29.S 26.4 
ABsaoaim Ritratc 9.2 40.9 82.0 27.4 

ATsrag* 9.2 28.6 27.6 
nitrogen treated aTeruM 9.8 30.6 29.2 
<QaS2e"2222S!SSS&S&ZS5S!S!S!S£Z£ZSSSSSISSS&SSSSSS5SSISCSSSSSSSSSSSSSSSBSSSS^^ 

L.S.D. (.05) between twiq^ratarea •*•*••••••*• 18.85 ng. 

C.V. for entire ezperiment 18.7(^
C.Y. ezoluding oheeka 18.9^ 
jS/rigoree represent an arerage of three replioations. 
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TABLE XII 

MILLIGBAJB OP PHOSPHORUS PER POT REMOVED Bt RXEORASS PORAOE OROmr 
WITH DIPPEREHT MTBOGEH mTILIZATION AT THREE TEMPERATURES 

WllifcraBw 
PoundB Temperature titrosen 
W/Acro Souree lOflo 20<ic w Arg, Rate Avg. 

0 «.«/ 10.1 6.8 6.7 6.7 

80 Urea 3.4 10.6 5.9 6.6 7.0 
Aaaonimi titrate 4.1 11.8 6.0 7.8 

100 Urea S.4 10.6 T.8 7.7 7.4 

Aaraoniua titrate 4,0 10.8 6.1 7.0 

Avorftfio 4.8 10.8 6.8 

Nltrogoa treated arerase 4.8 10.9 6.3 

m m m m m m «»«»«» e»L.S«D« (•OS) beteeen tea^eratares 1.3 H^(• 
m m m m m m (m ■B em «L.S.D,(•01) between teaperatares• 1.6 Bg. 

C«V« tor entire experiaent i9.6e9C 
C*Y» •xoludlag X9«96^ 
2^Figar«> r«pr«sonti «& mveraga or tfaroo roplioatlona* 

^ ; A f r 
> 

, . . r, . 

'If-



CHAPTER T 

StnUAHT 

Tlw •ff«et» of ̂ mporaturo oad uroa eonooatratioa upon rate of 

uroa hytftrolyaia and aubooquont nitrilloation uoro dotomliiiod« Tlold and 

ohamioal ooropoaitlon of ryograaa forage aa inflaenood by Tarloua aoll 

taBporaturea and nitrogen treatoenta aere alao detemdnod* 

Thaaa detemlnationa ahoaod* 

Im The o<niTeraion of urea to nitrate nitrogen aaa noat rapid at 

idbie 80^0 teraperature and aloaeat at 10^ tOBperaturo* 

S« Of the tmperaturea studied* 20*>0 appeared beat suited for 

ryegraaa growth. 

8* The ryegraaa responded to nitrogen fertilisation up to Idm 100 

peoada per acre rate* whioh was the highest rate ttaed* The 

response was greatest at the 20^ taaperature* 

4* Urea and anoniun nitrate perfomed equally wall as aeuroea 

of nitrogms for ryegraaa at all teaperaturea* 

S. HUarogen was nore effieiently utilised by iiti» ryegxeuia at the 

209c and 80^0 taaperaturea than at the 10^0 tmperature* 

6* The uptake of potaaaiua* ealeiom* magneaiua and phosphorus 

was retarded at the 10^0 taaq^rature* 

Ihoaphorus uptake and yield of forage were direotly related* 

B« The oaloiuB eontent of the ryegraaa Inoreased aa the taapera« 

ture and rate of nitrogm fertilisa^on inoreased. 
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APmmu.A 

mmiBTRIC DETBKMI1ATI017 01* AIQIOinA HimXlSH 19 SOILS 

!• Hm •qulralent of 100 gramt air dry soil into SOO ml. erl«a« 

BMyor flask and add 8S0 b1» of aoidifiod (pB 2*0} 10 par eaat sodium 

ohlorida and shaka for ona hour* 

2* Trazufar to BuaolaMkr funzuil^ axtraot aitli an additional 250 ml* of 

tha sodium ohlorida solution^ retalnizag all of tha laaohata* 

3* Plaoa laaohata into 800 ml* Xjaldahl flask and maka alkalina with 

(lOH) sodium hydroxida* 

4* Distill oTar approxLaataly 200 ml* into 50 ml* of 4 par aant borio 

aoid oontaining modifiad mathyl blue indicator* 

5* Titrate using slmaidard hydroohlorlo aold* 

5* Galoulata nitrogen oontant from amount of standard aold used* 

> • ♦
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AFPEmiX B 

DBTKRMmTIOI OF SflTRAfE HITP.001S GOLORUffiTRUilXT 

'!• Hiio« th« equiraleat of 60 sgtmu air dry soil into s 600 vl« flaslE* 

2* Add 260 ml. ooppor snd siltnsr sulfato extract solution* 

S* Fl&oe on shaker and shako for ton minutes* 

4* Add 0*4 grans oaloina hydroxidio and 1*0 gran nagnooitts oarbonato* 

6* Shako for five minutos to preolpltato tho ooppor and silxor* 

6* Flltor* disoarding tho first 20 lal* of Hi* filtrate* 

7* Sot up a sorios of aliquots (O, 2* 5, 10 and 15 ml*) of the standard 

nitrate {10 p*p*m*) in tbroo*inah poroelain OTsporating dishes* 

8* Measure a 10 ml. portion of tho nnkaoim filtrate into throe-inch 

poroelain OTaporating dishes* 

9* Plaoe all dishes on steaa bath and oraporato to dryness in an atoos* 

phoro free of nitrio aoid fimos* 

10* Allow to cool* and add 6 ml* of phonol-2-4disulphenie aeid to the 

dishes* rotating the dishes to insure oontaot with all tho salts* 

11* Allow to stand ton minutos, then odd 16 ml* of distillod water* 

12* Ifsleo alkaline with aBsaoniim hydroxide as indioatod hy on unohanging 

yellow color* 

15* Tronsfer to 100 ml* TQlinastrio flask and make vqp to Tolumo with 

distilled water* 

14* Read on spootrephotomotor, using ̂ 0 mm* wa-re longth* eomparo with 

standards* and oaloulate* 
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APFEXDIX C 

fmmtm for tmmmsmois of pa of sohj 

1« 

2» 

5» 

4« 

nM* ^ •quiTal«ttt of 2S gmu air dry aoil in 60 »!• boikor* 

Add diatillod vator until tfain paal^ mlxturo is obtainod* 

Alloir to sot until soil boeeaes mil saturatod* 

R0««iix and plaoo oleotrodoa of pB motor into tdbe soil mlxturo aad 

road pE dirootly* 

'i-r 

?• ' ■•V' 
.:' V - " 



APPEBDIX D 

HOqlDtlBE FOR DlTESMIBIliG THE HIIHOOlffl COHTEHT OP PLANT TISSUE 

1« Plae* 1*0 gram oran dry (70^) plant tissue in Kjeldahl flask* 

2* Add 10 grams oatalyst (MAgSOd CuSOd * SHgO in ratio of 10Qt3«2) 

and SS to 30 ml* of oonoontrated sulfurio sold* 

3* Hast balov boiling until frotMng oaasas* than raise temparatsura to 

tfao boiling point* and oontinua for thir'ty minutes after digestion 

is oomplate* 

d* CoolI ttsm add 200 ml* of distilled eater* 

S* Plaae 500 ml* erlenmeyer flask oontaining SO ml* of 4 per cent borio 

sold containing modified metl^l blue indicator beneath the dolirery 

tube of the oondenser* 

6* Add sufficient (ION) sodium hydroxide to the digested material to 

make strongly alkalinet and add 4 to S pieces of mossy sino* 

7* Bapidly cozmeet Kjeldahl flask to the oondenser after addition of 

sodium hydroxide* 

8* Distill over approximately 200 ml* into the borio aoid* 

9* Titrate -Qze distillate using standard hydroohlorio aoid* 

10* Oaloulate pereentage nitrogen* 

i-

or 

< f 
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APPEIIDIX* 

FROOEDTIRE FOR DBTBBHIKATIOR OF FOTASSIOII, CALCIUM, IttQNBSIUM 
AID FBOSFHORUS CONTEHI OF FLART TISSUE 

1« V«l|^ 0*5000 grini plant santpla and transfer to a ISO »1« Saakar, 

and aovar aith a watoh glaaa* 

2* Aidd S ml* of eoxusantrated altrlo aald and taka to dxyoaaa on a hot 

plata at modarata heat* 

3* Add 6 nl* of lal nitrlo aold and 5 nl* of oaooantratad perehlorlo 

aoid (70<»72^) and take to drynaaa on a hot plate* 

4* If ashing la ooisplete, add 5 nl* dilute hydroohlorlo aeld (Itl) and 

enough water to wash off the watoh glass and wam gently* 

5* Filter Into a 250 ml* wolumetrle flask, using Whatnan Mo* 48 filter 

paper, and make up to woIxsm with distilled water* 

6* Mix well and using small portions of the solution (5 ml*), determine 

the potassium, oalolum and magMslum with a Beekna **00** flame spee-

tropfaotoneter equipped with a photomultlpller attaohment* The wave 

leng^s required are 756*5 ma« for potassium, 422*7 mu* for ealolvsa 

uid 286*2 mu* for magneslvna* 

7* The sample readings are oompared with the oallhration ourwe obtained 

from standard solutions and oaloulated* 

8* For the ̂ losphorus determination, plaoe 2 ml* of the solution Into a 

25 ml* erleiawiyer flask ajad add 8 ml* of 0*05R hydrocHorlo aoid, and 

0*6 ml* of molybdio aold solution and mix. 

9* Add 5 drops of reducing agent (amlno-na^tholosuXfonlo aoid) and sdx 

Immediately* 



i
i

 
 

 

4X 

3,0* In ap«otrophotoiMt«r at 650 ouu wkw langth 15 nlnutes after 

adding l^e raduoing agant* Compare readings eith those obtained 

for standard solutions and ealoulate phosphorus content of the 

unknoim* 
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APFSliDIX P 

TIILD OP OVEN DET RIEEffiASS FORAOB IN GEAI® PER POT OROTO AT THIEg 
TMPBRATURIS WITH THRXE RATES AND TWO SOURCES OF NITROOEN 

Pounds 

No. 

1 0 10®C 3,06 2*41 2.62 2.69 
2 60 Uroa m 3,36 3.17 2.50 3.01 
5 100 " • 4,06 4.02 3.20 3.76 

»4 60 RE4BO3 5.05 3.74 8.40 3.89 
«• 100 * 2.88 3.68 5.23 3.26 

265^4 0 4,25 4.64 3.86 4.16 
7 60 Urott n 6.02 4.80 4.71 6,18 
8 100 » m 5.61 6.10 5.67 6.79 
9 60 Mi^s m 5.21 4.95 4.80 4.99 
10 100 " » 6.10 6.20 5.98 6.09 
11 0 264^ 3.26 3.55 3.65 3.38 

12 60 Uroa m 5,72 3.68 4,50 3.87 
13 100 " m 5,05 4.00 4.35 4.47 

m14 60 ni^BDs 3.35 3.92 4.15 3.81 
15 100 • n 5.56 4.25 4.86 4.18 

ANALTSIS OP VARIANCE 

Dosrooa of Suma of Moans 

Souroo of Variation Froodom Squaroa Squaro F Valua 

Treatnonts(a} 14 42.1516 3.0108 I7.91aa 
N Ts. No H 1 6.8284 6.8284 34,67** 

Roplioatlen8(a) 2 .1692 •0846 •50 

Error(a) 28 4.7078 •1681 
Total(8) 44 47•0286 

Troataonts(b) u 33.1077 3.0980 15.60*« 
7oa|>oraturo 2 29,0026 14.5012 78.02a« 
Ratoa 1 2.6408 2.8406 IS.SOaa 

Soureoa 1 •0407 •0407 •20 
Tampa X Ratoa 2 .4931 .2466 1.24 
Tompa X Sourooa 2 .7760 •3876 1.95 
Ratoa X Sourooa 1 .1167 •1167 .59 

Tampa X Ratoa x Sourooa 2 •0391 .0196 •10 
Replioationa(b) 2 .1098 •0549 .27 
Error(b) 22 4.5696 •1986 
Total(b) 36 37•5871 

♦♦Slgnifleant at 6»0l levol. 
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APFBKDIX Q 

PEHOSHT OF NITHOOEH IH 07M DH7 RYEORASS FORAOS GROirR WITH DIFfEREHT 
HITHOGEN FERTILIZATION AT THREE TEMPBRATDRES 

Wlleaiiona 
Ho* H/Aara Souroa Tamparatura 1 S'"" A-varagajL." 
1 0 lOOO 1.65 1.88 1.58 1.69 
2 50 Graft t» 2.45 2.37 2.47 2.43 
Z 100 m m 2.49 2.50 2.51 2.60 

4 60 iraalios m 2.60 2.02 1.66 2.03 

6 100 m 2.80 2.52 1.66 2.38 

6 0 mc 1.38 1.2d 1.16 1.27 
7 60 Graft n 1.93 1.35 1.69 1.62 
8 100 « m 2.14 1.90 2.07 2.04 

9 80 1H4808 m 1.79 1.78 1.67 1.75 

10 100 m m 1.98 1.90 2.00 1.96 

11 0 ZOOQ 1.9l 1.80 "1.71 1.81 

12 60 Graft m 2.41 2.68 2.21 2.43 

13 100 M tt 2.44 2.88 2.58 2.63 

14 60 RBAEOs m 2.87 2.77 2.68 2,77 
tt n 2.40 2.70 2.6415 100 2.83 

AMLTSIS or YKRimCBS/ 

Dagraas of StBU of Means 

Souroa of Variation Fraadom Squaras Squara F Valua 

Traatmanti(ft) 14 34.5438 2.4681 12.47aa 

R T8. Ro N I 14.1908 14.1905 67.06aa 

Replloatioua(a) 2 •9881 .4940 2.51 

Error(ft) 28 5.6086 .1967 
Total(a) 44 40.8400 

Ti^a-tBenta(b) 11 17.9662 1.6353 6.75a* 
Temparatui^ 2 14.2339 7.1170 29.34*a 

Rfttea 1 1.0000 1.0000 4.12 

Souroaa 1 .0177 .0177 .07 

Tamp, z Rfttaa 2 .6093 •3046 1.26 

T«ap. X Souroaa 2 1.4217 .7108 2.93 

Rates X Soureas 1 .1273 •1275 .52 

Tamp. X Ratas x S«UF8af 2 .6563 .2782 1.15 

Rapliofttioxia(b) 2 .8073 •4056 1.66 
Error(b) 22 5,3378 •2426 

Total(b) 35 24.1118 

•^Ignlfleant at 0.01 leval. 
^Figuraa rapreaent dagrees oorrasponding to peroantaga»» 



JfiFPSSDU. H 

FERCSNT OP POTASSIUM IW OYEH DRY RYEORASS FORAGE GROWN WITH 
DXFFESEHX HITROOBE FBRflLIZATION AT THREE TEMPBRATOHES 

Povoids kaplioations 
Ho« W/Asrs Souros Tsnparatura 1 S ATsraga 

1 0 lOOC 2.40 2.95 2.50 2.68 

2 50 Ur«« m 5.06 3,05 1.60 2.55 

3 100 ft m 2,50 5.05 2.80 2.72 

4 50 SHaSOs n 5,20 3.06 2.85 S.OS 
f n6 100 5.50 2.70 2.83 3.02 

0 200c 2.85 2.88 3.00 2.93 

7 50 Ursa ft 5,05 3.30 5.20 3.18 

8 100 n M 5.30 3.40 3.10 3.27 

60 tl 5.65 2.90 3.40 3.32 

10 100 • « 3.40 3.35 3.75 5.50 

11 0 30«»0 3.20 2.^6 3.10 

12 §0 Ursa n 5.30 3.45 3.10 3.28 

IS 100 n m 2.90 3.00 5.00 2.97 

14 50 IIH4NO3 V 3.60 2.85 3.00 3.15 

18 100 n m 5.76 2.85 5.05 3.22 

9 EHaNOS 

AmLYSIS OP TARIAHCSft^ 

Degrees of I^UIM of Means 

Souroa of Tarlatioa Freedom Squares Square P Yalus 

Troataaaits(a) 14 9.2754 •6625 1.70NS 

I TO. No H 1 1.2937 1.2987 S.31NS 

ReplloatlcMQs(a} 8 1.3513 .6756 1.73 

Error(a) 26 10.9248 •3902 
Totel(a) ' 44 21.5515 

Treatments(3) U 7.2900 •6627 1.58 

Temperature 2 4.5583 2.2734 5.42« 

Rates 1 .0387 .0387 •09 

Sourees 1 1.2173 1.2173 2.89 

Temp. X Rates 8 .33a .1670 .40 

Temp. X Souroes 8 .6770 .3385 .80 

Rates X Sourees 1 .0225 .0226 •05 

Temp. X Rates x Sourees 2 ,4436 .2218 •58 

ReplioatlonsCb) 2 1.8405 ,9202 2,19 

Srrorfb) 22 9.2510 •4205 

Total(b) 55 18.3818 

e^gpifloant at 0.06 level. 
•rPigures represent degrees corresponding to porooatagos. 
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AFFEIiDIK I 

FEBOBKT OF CALCIUM IN OVEN DRY RYEORASS FORA(ffi ORONV WITH 

DIPFBBBHT NITROGEN FERTILIZATION AT THREE TKIPBRATORES 

Pounds Replioation 
Bo* N/Aor« Souroo Ten^rature 1 2 8 A-rerage 

I 0 10®0 0*90 0.48 0*40 0.48 
2 60 Uroa N 0*50 1*10 0.38 0*65 
8 100 • » 0*45 0.45 0*60 0*50 
4 80 m^llOz n 0*60 0*56 0*85 0.53 

6 100 • m 0*88 0*60 0.50 0*52 
6 0 46®c 0.50 0.55 0.^5 0.53 

7 60 Uro* H 0.55 0.75 0.75 0.68 

8 100 • » 0*90 0.50 0.75 0*72 
9 50 101^8 « 0*56 0.60 0.60 0.58 

10 100 • « 0.75 0*90 0.78 0*80 

11 0 36^ ' 6.46 d.?6 0.75 o.td 
12 SO Uroa m 1.00 1.00 0.78 0.92 

15 100 * n 1*16 1*18 1.00 1.10 
14 50 1E4B08 ti 0.98 1.00 1*00 0.98 

18 100 " M 1*25 1*10 1*40 1.28 

ANALYSIS OF VARIANBEft^ 

Degrees of Suns of Means 

Soureo of Tariaidon Freedam Squares Square F Value 

TroatBonta(a) 14 26*1020 1*8644 7.65*a 

N ▼«* Be H 1 2*6209 2.6209 10*73ea' 
Roplioationa(a) 2 *1596 .0798 *33 
Error(a) 28 6*8389 • 2442 
Total(a} 44 33.1006 

Troalssonta(b) 11 21.0747 1*9169 18*86ee 
Taniporaturo 2 18.3011 9.1506 13.12 
Rates 1 *7484 •7454 1*07 
Souroes 1 .0081 •0081 *08 
Temp* X Rates 2 1.3946 .6978 6*86e 
Temp* X Souroes 2 *2348 *1174 1*16 
Rates X Sourees 1 *2916 .2916 2.87 
Temp* X Rates x Souroes 2 *0991 •0496 *49 

Replieat!one(b} 2 • 2032 .1016 
Brror(b) 22 6*4608 
Total(b) 35 27*7384 

eSlgnlfiosnt at 0*05 IstoI* 
««Signifloant at 0*01 lexel* 
iyPigures represent degrees corresponding to peroentages* 
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AFSm>U. J 

HiRCEHT OF MJLOliESIOM IH OVEH DRY RYEORASS FORAGE ORCWS WITH 
DIFFEREHT HITROGEH mTILIZATIOR AT THREE TSMPERATTOHI 

Pound* Repllcetlons 
Ro» R/Aer« Souro* T«i|>eratur9 I _2 8 AT«ra.K« 

1 0 lOOQ 0.80 0.30 0.2S 0.23 

t 60 tJreft » 0.50 0.80 0.20 0.27 

8 100 « 11 0.50 0.30 0.25 0.28 

4 60 SK4HO8 m 0.30 0.30 0.30 0.50 

6 100 m « 0.30 0.30 0.26 0.28 

€ 0 20«d 0.66 0.40 O.SS 0.50 

7 60 Ore* n 0.65 0.60 0.55 0.58 

8 100 tt m 0.60 0.50 0.55 0.55 

9 60 HH4NO8 B 0.60 0*40 0.40 0.43 

10 100 M m 0.60 0.70 0.71 0.67 

11 0 d.n 0.^ 0.61 0.61 

12 50 tTr«ii 
« 0.71 0.71 0.65 0.66 

13 100 « « 0.71 0.71 0.72 0.71 

14 60 « 0.78 0.71 0.71 0.78SH4NO3 
16 100 n w 0.78 0.71 0.84 0.78 

AHALYSIS OF VARIAHCEy 

Degrees oi ot Means 

Source of Veriatlon Freeden Squares Square P Talu* 

TreatBO&tsCa) 14 24.6571 1.7612 86.0244 

V re. No V 1 .2471 .2471 5.054 

Replleatiozia(a) 8 •2141 .1070 2.19 

Error(a) 28 1.5685 •0489 

Total(a) 44 26.2397 

Treata«nte(b) 11 21.2868 1.9361 48.9944 

Tftaparaturo 2 19.7429 9.8714 40.064 

Rataa I .4647 .4647 1.88 

Souroas 1 .0882 ,0832 .84 

Temp. X Rates 2 •8741 .1870 .75 

Teoq^. X Souroes 2 .0892 •0146 .05 

Rates X Souroes 1 •0889 .0889 .86 
2 .4928 .2464 6.2444Temp. X Rates x Souroes 

ReplieationsCb) 2 .1040 •0520 1.52 

Error(b) 22 .8685 .0395 

Totftl(b) 56 22.2588 

eSlgnlfloant at 0.05 IotoI. 
•^ignificant at 0.01 level. 
JyFigures represent degrees eorrespondlng to percentages. 
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AmsiDIX X 

!>SS0SHT OF FQOSFHOROS IN OVEN DRY RYEORASS FORAOE ORGfirN WITS 
DIITBRENT NITROOBN FERTILIZATION AT THREE TEPiPSRATORIS 

Pounds Raplloatiozis 
No. H/Aoro Souroo Tataporatura 1 8 3 At*rag* 

1 0 lOOC 0.12 0.18 0.13 0.14 
t 60 tJroft 11 0.12 0.12 0.08 0.11 
9 100 « 11 0.12 0.20 0.10 0.14 
4 60 NHsNDs m 0.12 0.12 0.12 0.12 
5 100 w m 0.13 0.12 0.12 0.12 

0 20»C 0.19 0.26 0.29 0.25 
7 50 Urea M 0.21 0.22 0.18 0.20 
8 100 « « 0.18 0.19 0,18 0.18 
9 50 ^4903 M 0.18 0.31 0.22 0.24 
10 100 m m 0.18 0.18 0.18 0.18 
11 0 mo 0.21 6.17 6.21 0.20 

12 50 Hroa m 0.15 0.16 0.15 0.15 

13 100 tt n 0.16 0.15 0.17 0.16 
14 60 m 0.16 0.14 0.18 0.16HS4K>S 
16 100 « • 0.18 0.14 0.14 0.15 

ANALYSIS OP VARIANCia/ 

Dagi^S of Sum of Moans 
Soturea of Variation Freedom S^iaras Square P Valua 

Traatnaat«(a) 14 3.0665 .2190 12.44«a 
N Ts. No N 1 .5868 .6868 33.34a« 

Raplleation8(a) 2 .5572 .2686 15.26a* 

Error(a) 28 •4944 .0176 
Total(a) 44 4.0961 

Traatniants(b) 11 2.2124 .2011 5.93** 
Tamparatura 2 1.8889 .9444 27.86*a 

Ratas 1 .0094 .0094 .003 

Souroas 1 .0075 .0075 •002 
Temp,z Ratas 2 .2161 .1076 8.17 

Tamp, z Souraaa 2 .0129 .0064 •002 

Ratas z Souroas 1 .0711 .0711 2.10 
Tamp,z Ratas x Souroas 2 .0075 .0058 •001 

Raplioations(b) 2 .1065 .0532 1.67 

Errorfb) 22 .7456 .0339 
Total(b) 35 3.0645 

•4^ignifioant at 0.01 level. 
iyFigures raprasant dagiraes eorraspending to parcantagas. 
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APPEHDIX L 

MIU.IGSAM3 OF NITROaSM PER POT KEdOVED BI RYSGBASS FORAGE QRCMN WITH 
DI7FBRERT KITROGEH mTILIZATIOK AT THREE TEMFBRATURES 

Poxmda 

Ho« ir/Aor« Souro« Temperature 1 2 8 Average 

1 0 10<»0 60.8 44.6 41.4 45.4 
2 50 Ur«a It 82.1 76.1 61.8 73.0 
3 100 • II 100.8 100.5 80.3 93.9 

4 60 IH4HOS M 76.2 78.5 53.0 68.2 
6 100 « tt 80.6 92.7 53.6 75,8 

6 0 2000 58.6 55.8 44.8 53.1 

7 50 Urea tt 116.2 64.8 74,9 8S.S 
8 100 * II 120.0 115.9 117.4 117.8 

9 50 HH4R03 m S3.2 88.1 80.2 87.2 
10 100 » ft 120.8 117,8 119.6 119.4 

11 0 62.1 63.9 57.5 61.1 
12 SO Uraa tt 89.6 95.9 95.0 93.5 
13 100 » N 123.2 115.2 112.2 116.9 
14 50 XH4li08 tt 96.1 103.6 111.2 105.5 

15 100 " tt 85.2 120.2 122.3 109.4 

ANALYSIS OF VAHIABCI 

Degrees of Sums of Means 
Soiire# of Tariation Freedom Squares Square F Talus 

Treatm«nt8(a} 14 24134.38 1723.88 12«S5ee 

N Ts* No N. 1 12854.14 12854.14 93*61ee 

Replloatioaa(a) 2 646.45 323.22 2.35 
Error(a) 28 3844.70 137.31. 

Total(a) 44 28625.61 

Treatments(b) 11 10911.99 992.00 5.73ee 

TemparatuM 2 5772.88 2386.44 16.67#e 

Rataa 1 3626.05 3626.05 20.94ee 

Souroaa 1 57,51 57.51 •33 

Temp* X Rates 2 678.58 839.29 1.96 

Temp* X Souroee 2 562.51 181.26 1.05 

Rates X Sourees 1 271.69 271.89 1.67 

Temp. X Rates x Sourees 2 142.77 71.38 .41 

Replioations(b} 2 510.79 255.40 1.47 

Error(b) 22 3809.99 173.18 

Total(b) 35 16252.77 

♦♦Significant at 0.01 level. 

https://16252.77
https://10911.99
https://28625.61
https://12854.14
https://12854.14
https://24134.38
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1 

APFSIDIX M 1 

MILI.I9RA1IS OF POTASSIUM PER POT HEMOfED BT RYBOHiySS JOHAQE OROWM 
WITH DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES 

Founda Roplioa.tion8 
No* N/Aere Sourea Tffinp«ratur« 1 2 3 

1 0 IQOc 7S.2 71.1 68.8 69.9 
2 SO Gr«a n 102.2 96.6 90.6 96.4 
5 100 • « 101.3 122.6 95.2 106.4 

«4 60 NHoNOs 97.6 114.1 96.9 102.9 
6 100 * M 100.8 99.4 92.1 97.4 
6 0 121.1 128.6 ii8.9 121.6 
7 60 Urta 11 18S.6 158.4 150.7 164.2 
8 100 " • 135.1 207.4 175.8 189.4 

n9 60 ^490$ 190.2 14S.6 163.2 165.7 
10 100 " » 207.4 207.7 224.2 213.1 
11 0 30»0 104.0 92.3 103.8 100.0 
12 50 Uraa •• 122.8 123.5 133.3 126.5 
IS 100 •* 11 146.5 120.0 130.5 132.3 

m14 60 SS4i06 126.0 111.7 124.5 120.7 
18 100 " n 133.1 121.1 138.8 131.0 

ANALYSIS OF TARIAHGB 

Degrae8 of Sumx of Means 
Souree of Variation Freedom Squares Square F Value 

7z«ataMmta(a} 14 63094.06 4506.72 34.14ee 
H T8* No N 1 11468.86 11468.86 86.87e* 

RoplioationaCa) 2 334.50 167.25 1.27 
Error{a) 28 3696.53 132.02 
Total(a) 44 67126.08 

Traatm0nt8(b) 11 47550.34 4322.76 27.14** 
Temperatals 2 42306.68 21153,34 21.22« 
Rataa 1 2171.56 2171.56 2.18 

Souroaa 1 69.80 69.80 0.58 

X Hat98 2 1993.93 996,96 6.26ee 

T«mp» X Soureea 2 466.55 227.76 1.43 

Rat«8 X Souroaa 1 32.11 32.11 0.20 
T«ap« X Rat«8 x SourOM 2 530.71 266.36 1.67 

R«plioation8(b) 2 322.87 161.44 1.01 
Error(b) 22 3504.01 159.27 
Total(b) 35 61377.22 

«Slg;nifleant at 0*0S leTwl* 
•aSigaifleant at 0*01 

https://61377.22
https://42306.68
https://47550.34
https://67126.08
https://11468.86
https://11468.86
https://63094.06
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APnmDiz V 

lOLLiaRAMS OF CALCIUM HSR POT IIE1I0V13} BT EIEQRASS FORAGE GROinr 
WITH DIPFSRBHT HTITBOOBH FERTILIZATION AT THREE TEMPERATURES 

UUJUli 
^epiieationa 

R/Aere Souree Teaaperature 1 2 3 ATerage 

1 0 10®C 15.2 10.8 10.5 12.2 
2 SO Urea m 16.8 24.8 8.8 16.8 
S 100 w a 13.2 18.1 19.2 18.6 
4 50 IS4NO8 e 15.2 20.8 18.7 18.2 

5 100 « a 15.8 18.4 16.2 16.8 
S 0 sw 21.3 24.0 2i.2 22.2 

7 so Urea a 33.1 36.0 35.8 34.8 
8 100 n a 53.3 30.5 42.S 42.1 
9 50 IE4IIO5 a 28.7 29.7 28.8 29.1 

iT 010 100 45.8 55.8 44.8 48.3 
11 0 80®0 29.2 24.8 25.1 UA 
12 50 Urea a 37.2 35.8 32.2 85.1 
13 100 • a 58.1 46.0 43.5 49.2 
14 50 IE0D8 a 31.8 39,2 41.5 37.5 

a a ' 15 100 44.4 46.8 63.7 51.6 

AKALtSIS OF TARIABCl 

Degreet Staone Iteazui 
Sooree of Variation Freed<m F Value 

TreataentsCa) 14 7350.35 526.02 15.97ee 

N Ts. No N 1 1211.09 1211.09 S6,84*e 

ReplioationsCa) 2 5.86 2.68 .08 

Error(a) 28 920.56 32.87 
Tetal(a) 44 8276.24 

TreatnentaCb) 11 5819.96 529.09 13.03e« 

Tee^erature 2 4530.98 2265.49 12.12 

Rates 1 773.77 773.77 4.14 

Soiireee 1 7.66 7.66 .19 

Tesp. X Rates 2 378.76 186.88 4.60e 

Teisp. X Souress 2 10.99 5.49 •14 

Bates X Souress 1 21.93 21.98 •54 

Tsnp. X Rates x Souroes 2 100.97 50.48 1.24 

R6plieatious{b) 2 1.76 •88 0.02 

Error(b) 22 393.17 40.60 

Totaa(b) U 3714.89 

eSignifioant at 0.05 level. 
eesignlfioant at 0.01 level. 
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APPBHDII 0 

MILLIOHAMS OF MOHESIDM PER POT JtmOVW BT RIEORASS PDMOB aROfllH 
WITH DIPPlRElfT NITKKJEH FERTILIZATIOH AT THIIE TEn«PBRATCmESfi 

HBBBBBMHBBIHHBIHHHBB 

RcBllontionf 

Souree Temperature •"I Average 

1 0 10®0 9,2 7,2 6,5 7.3 

s @0 Urea 
11 10,1 9.5 5.0 8.2 

s 100 « « 12.2 12.1 8.0 10.8 

4 60 HH4HOS m 9,2 11.2 10.0 10.1 

5 100 n n 3,6 11.0 8.1 9.2 

0 30®0 23,4 17,4 21.2 20.7 

7 50 Urea « 33.1 24.0 25.9 27,7 

8 loo m n S3,9 30.5 31.2 31.9 

9 SO 1IH4»0S 
e 26,0 19.8 19.2 21,7 

10 100 II « 36.9 43,4 42,4 40.9 

tl 5 " '"SS.'i" iV.B 20,4 i!0.4 

12 50 Urea 
N 26.4 25.4 23,7 25.2 

IS 100 « n 35,8 28.4 31.5 31.9 

14 SO Iffi4l05 • 26,0 27.8 29.5 27,8 

IS 100 • n 27,5 30.2 38.2 32.0 

ARALTSIS OP VAIIAEOB 

ees of Sues of Means 

gouycw of Yarlatloa tedom Squares Square P Talue 

37.33eeTr«atBwnta(«) 14 4672.18 333,73 
1 338,67 338.67 S7,88*eI Ts. Ho H 

Roplioations(a) 2 24.69 12,34 1.38 
250.35 8.94EiTor(a) 28 

44 4947.22Total(a) 

363,61 S4.82eefroatmonts(b) 11 3999.75 
20.25««Tanperatura 2 3300.49 1660.24 

1 324,60 324.60 5.98Rates 
1 9.30 9,30 •11Souroes 

Temp* X Rates 2 178,98 89.49 1.10 

2 3.05 1.52 .02Temp, X Souroes 
1 29.40 20.40 •25Rates X Souroes 

162,93 81,46 7.80ee
Tcmip, X Rates X Souroes 2 

Replioations(b) 2 8.98 4.49 •43 

Error(b) 22 229.66 10.44 

Total(b) 35 4238,39 

esiguifioant at 0,05 leirel, 
eeSignlfleant at 0,01 lexel. 
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APPBSDII P 
i 

UILLiaRAMS OF P&OiraORUS FSB POT KEIiOVED BY RmRASS FORAGE GROIIV 
WITH DIFFERENT NITROGEN PSRTILIZATION AT THREE TEMHERATDRES 

Boundi feepllloaii^loM 
No» N/Aor« Source Temperature 1 2 3 

1 0 lOOO 3.81 4.34 8.46 5.8T 
Z 50 Urea « 4*19 8*96 2.00 3.38 

«8 100 " 4.94 8.04 3.20 5.39 
4 50 m 3.72 4.66 4.15 4.14 
6 100 * ft 3.80 4.23 3.94 3.99 
6 0 #d«c 7.66 11.42 11.11 10.06 
7 60 Drca « 12.64 10.56 8.48 10.66 

8 100 " a 10.09 11.46 10.20 10.58 

9 60 ^4903 N 9.38 15.44 10,60 11.81 

10 100 • » 10.68 11.16 10.50 10.78 
il 0 6*89 6.96 6.96 6,27 

12 80 Orca a 5.58 5.80 6.45 6.94 
IS 100 " 8.18 6.00 7.31 7,16 
14 SO NH4SDS a 5.40 5.41 7,26 6.oa 
15 100 » a 6.21 5.B6 6.28 6.12; 

ANALYSIS OF TARIANCS 

Degrees of Suos of lisans 

Sourec of Variation Freedom Squares Square F Value 

Tr«atacnts(a) 14 354.84 25.34 13.13ee 

N 16 H 1 1.29 1.29 .67 
Rcplioationa(a) 2 6.76 3.38 1.75 
Error{a) 28 54.18 1.93 
Total(«) 44 415.74 

TraataiCBt8(b} 11 295.11 26.83 13.15»e 
Tcnpcraturc 2 282.61 141.30 69.26ee 

Ratca 1 1.17 1.17 .67 

Sources 1 .01 .01 •005 

Tctap* X Rates 2 3.47 1.74 •85 

TaRip» X Soujrces 2 2.99 1.50 .74 

Rates z Sources 1 4.71 4.71 2.31 

T«ap. X Rates x Sourwes 2 .15 •08 .04 

SeplioationsCb) 2 6.2S 3.12 1.63 

Brror(b) 22 44.92 2.04 

Total{b) 36 346.28 

♦♦Significant at 0.01 
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